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ABSTRACT 

A summary o f  r e c e n t  a c t i v i t i e s  and t h e  p r e s e n t  s t a t u s  
o f  t h e  S a t u r n  V Emergency D e t e c t i o n  System E f f e c t i v e n e s s  S tudy  
i s  p r e s e n t e d .  

The Boeing F l i g h t  Dynamics ( compute r )  s i m u l a t i o n  program 
BHA-0030, which i s  t h e  p r imary  a n a l y t i c a l  t o o l  i n  working t h i s  
problem under  t a s k  MSFC-152, i s  b r i e f l y  d e s c r i b e d .  

.rfhe latest ---. ~ L ~ ~ L L a t i o n  r u n s  b y  t h e i r  p m g r a m  i n d i c a t e  t h a t  
changes  i n  t h e  F l i g h t  C o n t r o l  S y s t e m  and s t r u c t u r a l  s t r e n g t h e n i n g  
o f  s e v e r a l  c r i t i c a l  l a u n c h  v e h i c l e  j o i n t s  w i l l  b e  r e q u i r e d .  MSFC 
i s  p r o c e e d i n g  t o  make t h e  changes .  
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MEMORANDUM FOR FILE 

T h i s  memorandum summarizes r e c e n t  a c t i v i t y  and t h e  
p r e s e n t  s t a t u s  o f  t h e  S a t u r n  V Emergency D e t e c t i o n  System (EDS) 
E f f e c t i v e n e s s  Study b e i n g  conducted b y  The Boeing Company ( T B C )  
f o r  MSFC. R e f e r e n c e s  1 through 5 show t h e  e v o l u t i o n  o f  t h e  
problem and t h e r e f o r e  o n l y  a s h o r t  r e c a p i t u l a t i o n  i s  g i v e n  i n  t h i s  
memorandum. 

On November 9 ,  1 9 6 6 ,  TBC r e D o r t e d  t h e  r e s u l t s  of  computer  
s i m u l a t i o n s  of  t h e  e f f e c t s  o f  11 p r o p u l s i o n / c o n t r o l  m a l f u n c t i o n s  
upon t h e  l a u n c h  v e h i c l e  s t r u c t u r e  ( R e f e r e n c e  1). These r e s u l t s  
i n d i c a t e d  t h a t  l i t t l e  o r  no warning t i m e  i s  a v a i l a b l e  t o  s a v e  t h e  
s p a c e c r a f t  and t h e  crew when t h e s e  m a l f u n c t i o n s  o c c u r  n e a r  maximum 
& a .  The purpose  o f  t h e  a n a l y s i s  was t o  d e t e r m i n e  whether  t h e  
v e h i c l e  b r e a k s  up when a g iven  m a l f u n c t i o n  o c c u r s  i n  a g i v e n  
manner, a t  p a r t i c u l a r  f l i g h t  t imes,  and under  g i v e n  wind c o n d i t i o n s .  
If t h e  v e h i c l e  f a i l e d ,  t h e n  measurable  EDS p a r a m e t e r s  ( e . g . ,  q - b a l l  
o u t p u t ,  o r  a t t i t u d e  r a t e s )  were examined t o  d e t e r m i n e  what l i m i t  
value c o u l d  be  used  as  a u s e f u l  a b o r t  c u e .  The r e s u l t s  i n d i c a t e d  
t h a t  f o r  8 o f  t h e  11 m a l f u n c t i o n s  t h e r e  would b e  l e s s  t h a n  one 
second warning  t i m e  from m a l f u n c t i o n  to v e h i c l e  breakup i n  which 
to manua l ly  a b o r t  i f  t h e  EDS l i m i t s  were se t  o u t s i d e  t h e  t h r e e  
sigma enve lope  o f  normal e x c u r s i o n s  i n  a t t i t u d e  r a t e  and q - b a l l  
d e l t a - p r e s s u r e .  R e s u l t s  f o r  o t h e r  m a l f u n c t i o n s  were found to be 
comparably bad from a crew s a f e t y  s t a n d p o i n t .  

Subsequent  TBC work, u s i n g  t h e  s t r u c t u r a l  l o a d  t i m e  h i s t o r y ,  
( s e e  R e f e r e n c e s  3 and 4) i n d i c a t e d  s l i g h t l y  l a t e r  breakup t i m e ( s )  
t h a n  t h o s e  c a l c u l a t e d  from t h e  l i m i t s  o f  v e h i c l e  a n g l e  of  a t t a c k ,  
a ,  and e f f e c t i v e  e n g i n e  gimbal  a n g l e ,  B .  This  p r o v i d e d  more warning  t i m e  
t h a n  t h e  f i r s t  r e s u l t s  b u t  s t i l l  no t  enough f o r  d e t e c t i o n  and 
i n i t i a t i o n  of  a sa fe  a b o r t  ( s e e  Refe rence  3 ) .  

Dur ing  t h e  s e v e n t h  F l i g h t  L i m i t s  Subpanel  Meet ing o f  
Februa ry  1 4 ,  1967, ( s e e  Reference  5 )  MSFC and TBC gave a s t a t u s  
r e p o r t  o f  t h e  work done under  t a s k  MSFC-152. The t e c h n i c a l  approach  
and i n t e r m e d i a t e  r e s u l t s  o f  t h e  s t u d y  a re  d e s c r i b e d  i n  Appendix A .  
The scope  o f  t h e  s t u d y  was to d e f i n e  a c c e p t a b l e  EDS e f f e c t i v e n e s s  
f o r  t h e  v e h i c l e  d u r i n g  S-IC burn.  MSC was r e q u e s t e d  to f u r n i s h  
t h e  s p a c e c r a f t  s t r u c t u r a l  c a p a b i l i t y  and to c r i t i c a l l y  reexamine  t h e  
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LEV l i m i t s .  C o n s i d e r a t i o n  was b e i n g  g i v e n  t o  a d d i n g  s e n s o r s  on 
t h e  S-IC c o n t r o l - e n g i n e  a c t u a t o r s  t o  i n d i c a t e  "ha rdove r  c o n d i t i o n . "  
The p roposed  l o g i c  would u s e  t h e  p r e s e n t  e n g i n e  s t a t u s  l i g h t s  t o  
show e n g i n e  a c t u a t o r  h a r d o v e r  a s  w e l l  as  a n  engine-out  s i t u a t i o n .  
The EDS s u b p a n e l  o f  t h e  Crew S a f e t y  Pane l  was t o  d e t e r m i n e  t h e  
f e a s i b i l i t y  of  a d d i n g  t h e s e  a c t u a t o r  s e n s o r s .  

The R-P&VE S t r u c t u r e s  D i v i s i o n  of MSFC p r e s e n t e d  r e s u l t s  
o f  t h e i r  p r e l i m i n a r y  s t r u c t u r a l  a n a l y s e s  and recommendations f o r  
d e f i n i t i o n  of r e q u i r e d  s t r u c t u r a l  s t r e n g t h e n i n g  o f  t h e  l a u n c h  
v e h i c l e  on Februa ry  2 7 ,  1967.  T h i s  p r e s e n t a t i o n  was cove red  i n  
Refe rence  4 .  

M r .  C .  Hagood, MSFC, a r r a n g e d  a Februa ry  23,  1 9 6 7 ,  
b r i e f i n g  f o r  t h e  a u t h o r  on t h e  Boeing ( compute r )  program, i t s  
e q u a t i o n s ,  i n p u t  p a r a m e t e r s ,  a s sumpt ions ,  e t c .  Messrs. J .  Gelzer  
and D .  C h i c h e s t e r  of TBC d e s c r i b e d  t h e  o v e r a l l  p roblem,  t h e  g e n e r a l  
method o f  a t t a c k ,  and t h e  BHA-0030 computer  program. 

The BHA-0030 s i m u l a t i o n  program i s  a v e r y  l a r g e  (over 
1 0 , 0 0 0  i n s t r u c t i o n s )  and complex FORTRAN "H" program. It has a 
t h r e e - l i n k  o v e r l a y  s t r u c t u r e  because  t h e  memory c a D a c i t y  o f  t h e  
IBM 7094 i s  n o t  s u f f i c i e n t  t o  e n a b l e  s i n g l e - p a s s  p r o c e s s i n g .  It 
u s e s  t h e  "Runge-Kutta-Gil l"  i n t e g r a t i o n  method and  "Z-transform" 
d e r i v e d  c o n t r o l  f i l t e r s .  It has  a Benson-Lehner o u t p u t  p l o t t e r .  
The s i m u l a t i o n  r u n s  a t  30 times r e a l  t i m e .  Boeing i s  c o n v e r t i n g  
t o  an  IBM 360-65 computer which c a n  per form t h e  s i m u l a t i o n  i n  2 0  
t imes r e a l  t i m e .  

No program f l o w  c h a r t s  have been p repa red  or p l a n n e d .  
A l i s t i n g  o f  t h e  v a r i o u s  s e t s  o f  e q u a t i o n s ,  which a re  o p e r a t e d  
upon b y  t h e  2 2  s e c t i o n s  of  t h e  program, a r e  a v a i l a b l e  from t h e  
a u t h o r  o f  Re fe rence  4 .  The most s i g n i f i c a n t  s i m u l a t i o n  f e a t u r e s  of  
t h e  program i n c l u d e :  

1. 

2 .  

3 .  

4. 

5. 

Six-degree-of-freedom, r i g i d  body dynamics 
( f i r s t  s t a g e  f l i g h t ) .  

E i g h t  f l e x i b l e - b o d y  bending  modes 
( f o u r  i n  p i t c h  p l a n e ,  f o u r  i n  yaw p l a n e ,  no c r o s s - c o u p l i n g ) ,  

Twelve s l o s h i n g  degrees of f reedom ( i n  p l a n e  o n l y )  
( p i t c h  and yaw f o r  t h e  s i x  main p r o p e l l a n t  t a n k s ) ,  

I dea l  f i r s t  o r d e r  l a g  e n g i n e  a c t u a t o r  model.  

Second o r d e r  r e p r e s e n t a t i o n  o f  e n g i n e  i t s e l f .  
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6 .  T h i r d  o r d e r  r e p r e s e n t a t i o n  of  t h r u s t  v e c t o r  model* 

7 .  C o n t r o l  sys tem m o d e l  i n c l u d e s  mot ion  s e n s o r s ,  g a i n  
s w i t c h i n g ,  and f i l t e r  c h a r a c t e r i s t i c s .  

8 .  A 51 p o i n t  d i s t r i b u t e d - m a s s  model o f  t h e  v e h i c l e .  

9 .  An e x t e n s i v e  19 p a n e l  d i s t r i b u t e d  model o f  t h e  
v e h i c l e  w i t h  n o n - l i n e a r  ae rodynamics .  

1 0 .  Capac i ty  f o r  i n t r o d u c t i o n  of  any p rede te rmined  
m a l f u n c t i o n .  

11. A " s c a t t e r "  c a p a b i l i t y  w i t h i n  a 30 r a n g e  o f  
s e l e c t e d  p a r a m e t e r s .  

1 2 .  The S t a n d a r d  Apollo C o o r d i n a t e  System. 

13. i n t e r n a t i o n a l  s c i e n t i f i c  ( m e t r i c  j u n i t s  
( o p t i o n a l  E n g l i s h  s y s t e m  o u t p u t  a l s o  a v a i l a b l e ) .  

1 4 .  Bending moments, f o r c e s ,  e t c .  a t  1 8  v e h i c l e  
s e c t i o n s  between t h e  19 aerodynamic p a n e l s .  

The 2 2  s e c t i o n s  of t h e  program p r o v i d e  i n p u t  o r  s o l v e  e q u a t i o n s  
as f o l l o w s :  

A .  V e h i c l e  Dynamics: 

1. V e h i c l e  mass a t  e a c h  o f  51 p o i n t s  r e f l e c t i n g  
f u e l  and o x i d i z e r  f low r a t e s  o f  t h e  a p p r o p r i a t e  
e n g i n e .  

2 .  E a r t h ' s  g r a v i t y  t akes  i n t o  accoun t  e a r t h -  
o b l a t e n e s s  and a n o n - s p h e r i c a l  g r a v i t y  model .  

3.  T r a n s l a t i o n a l  e q u a t i o n s  of mot ion .  

4. R o t a t i o n a l  e q u a t i o n s  o f  mo t ion .  

5 .  S l o s h  e q u a t i o n s  o f  mot ion  i n  p i t c h  and  yaw 
p l a n e s  f o r  each  o f  s i x  p r o p e l l a n t  t a n k s .  

6 .  V i b r a t i o n a l  e q u a t i o n s  o f  mot ion .  

7 .  I n e r t i a l  and r e l a t i v e  v e l o c F t y  e q u a t i o n s .  

8 .  V e h i c l e  p o s i t i o n .  

* T h i s  model t akes  i n t o  account  p r e s s u r e  and a c c e l e r a t i o n  
e f f e c t s  upon b o t h  t h e  t h r u s t  and t h e  fuel/LOX f low.  
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9 .  Coord ina te  t r a n s f o r m a t i o n s .  

1 0 .  I n e r t i a l  a t t i t u d e .  

11. Aerodynamic e f f e c t s  on 19 v e h i c l e  p a n e l s .  

1 2 .  R e s u l t a n t  moments a t  1 8  v e h i c l e  s t a t i o n s .  

1 3 .  R e s u l t a n t  f o r c e s  a t  2 4  v e h i c l e  s t a t i o n s .  

B .  V e h i c l e  Svs tems:  

1 4 .  Launch Veh ic l e  D i g i t a l  Computer ( L V D C )  
r e s p o n s e  and e f f e c t s .  

15 .  C o n t r o l  Computer r e s p o n s e  and  e f f e c t s .  

1 6 .  T h r u s t  Vector  C o n t r o l  System r e s p o n s e  
arid e f r e c t s .  

1 7 .  P r o p u l s i o n  s y s t e m  e q u a t i o n s .  

C .  P a r a m e t r i c  Values :  

1 8 .  S c a t t e r  e q u a t i o n s  ( t o  a c c o u n t  f o r  m a n u f a c t u r i n g  
t o l e r a n c e s ,  minor changes  i n  e s t i m a t e d  v a l u e s ,  
e t c .  ) 

1 9 .  A t t i t u d e  and r a t e  l i m i t s .  

2 0 .  I n i t i a l i z a t i o n  o f  a l l  v a r i a b l e s .  

D .  S t r u c t u r a l  Load C a l c u l a t i o n s  : 

2 1 .  Composite Bending Moments. 

2 2 .  R e s u l t a n t  s t r u c t u r a l  l o a d s .  

A s  a p p a r e n t  from t h e  above ,  t h e  v e h i c l e  s t r u c t u r a l  and aerodynamic 
models  a r e  o f  an  e l a s t i c  body, d i s t r i b u t e d  t y p e .  The mass o f  t h e  
v e h i c l e ,  c o n c e n t r a t e d  a t  51 "lumped-mass" p o i n t s  , i s  c a l c u l a t e d  
as a f u n c t i o n  of  fuel/LOX f low,  s l o s h i n g ,  e t c .  The i n d i v i d u a l  
masses a re  c o n c e n t r a t e d  a l o n g  t h e  c e n t e r l i n e  o f  t h e  v e h i c l e .  The 
v e h i c l e  i s  d i v i d e d  i n t o  19 p a n e l s  ( s ee  F i g u r e  1) w i t h  t h e  j u n c t i o n s  
c o r r e s p o n d i n g  t o  c r i t i c a l  v e h i c l e  s t r u c t u r a l  j o i n t s .  The v e h i c l e  
e q u a t i o n s  of mot ion  a r e  used  t o  c a l c u l a t e  t h e  a n g l e  o f  a t t a c k  and 
t h e  Mach number a t  t h e s e  aerodynamic r e f e r e n c e  p a n e l s .  Using t h e s e  
q u a n t i t i e s  as t h e  independen t  v a r i a b l e s ,  t h e  t h r e e - d i m e n s i o n a l  
t a b l e s  ( see  F i g u r e  2 )  are e n t e r e d ,  and  t h e  c o e f f i c i e n t s  o f  a e r o -  
dynamic f o r c e  and moment, Cni and Cmi r e s p e c t i v e l y ,  a t  e a c h  r e f e r e n c e  
p a n e l  a r e  o b t a i n e d .  
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The aerodynamic f o r c e s  and moments a r e  t h e n  d e t e r m i n e d  
b y  u s e  of t h e  v a l u e s  o f  l o c a l  dynamic p r e s s u r e  q i ,  and  t h e  co- 
e f f i c i e n t s ,  Cni  and Cmi ,  f o r  t h e  r e f e r e n c e  p a n e l s .  These v a l u e s  
a r e  summed t o  check  a g a i n s t  t o t a l  v e h i c l e  aerodynamics  ( see  
F i g u r e  3 ) .  It shou ld  be no ted  t h a t  moments a r e  de te rmined  a t  1 8  
s t a t i o n s  ( p a n e l  j u n c t i o n s ) ,  w h i l e  ( a x i a l )  f o r c e s  a r e  c a l c u l a t e d  
a t  2 4  s t a t i o n s .  T h i s  i s  done because  a t  c e r t a i n  r i n g )  j o i n t s  
t h e  a x i a l  l o a d s  a r e  d i s c o n t i n u o u s  and hence ,  t h e  f o r c e s  must be 
d e t e r m i n e d  on b o t h  s i d e s  of t h e s e  i n t e r f a c e s .  The p i t c h  and yaw 
p l a n e  components o f  t h e s e  forces/moments a r e  t h e n  used  as f o r c i n g  
f u n c t i o n s  i n  t h e  t r a n s l a t i o n a l ,  r o t a t i o n a l  , and v i b r a t i o n a l  
e q u a t i o n s  o f  mot ion ,  as w e l l  a s  t h e  t o t a l  v e h i c l e  bend ing  moment 
c a l c u l a t i o n s .  

T h i s  aerodynamic model c o n s i d e r s  t h e  e f f e c t s  o f  a wide 
r a n g e  o f  n o n - l i n e a r i t i e s  of Mach number, a n g l e  of  a t t a c k ,  dynamic 
p r e s s u r e ,  and aerodynamic damping. Winds a r e  s i m u l a t e d  i n  b o t h  
d i r e c t i o n  and magni tude ;  hefice, g is t  effects can  be i n c l u d e d .  
Engine f a i l u r e s  a re  s i m u l a t e d  by u s i n g  3 a  wors t  c a s e  v a l u e s  o b t a i n -  
ed f rom e x p e r i m e n t a l  eng ine  shut-down da ta ;  approx ima te  decay  t i m e  
from 9 0 %  t o  1 0 %  of  f u l l  t h r u s t  i s  programmed a t  0.4 seconds .  A 
"Ch i - f r eeze"  program i s  a v a i l a b l e  t o  s i m u l a t e  minimum l o a d  t i l t  
maneuvers  f o l l o w i n g  a n  e n g i n e  f a i l u r e .  

Some a s p e c t s  t ha t  a r e  n o t  t a k e n  i n t o  c o n s i d e r a t i o n  by  
t h e  program a r e :  

a .  v e h i c l e  non-symmetry 

b .  u n s t e a d y  aerodynamics  ( f l u t t e r )  

c .  c r o s s - c o u p l i n g  o f  slosh-modes between t h e  
p i t c h  and yaw p l a n e s .  

D e s p i t e  t h e s e  i t e m s ,  i t  was i n d i c a t e d  t h a t  r e a l i s t i c  
r e s u l t s  which accoun t  f o r  t h e  e f f e c t s  o f  wind g u s t s  and  a e r o -  
dynamic damping, w i t h  c l o s e  t o  " r e a l - l i f e "  ( d i s t r i b u t e d )  non- 
l i n e a r  aerodynamic l o a d s  i n  t h r e e  d i m e n s i o n s ,  a r e  o b t a i n a b l e .  

A s  a r e s u l t  of s i m u l a t i o n  r u n s  w i t h  t h e  program, i t  appears* 
t h a t  improved ( s i n g l e )  engine-out  c a p a b i l i t y  c o u l d  be  a t t a i n e d  
by means o f  a m o d i f i e d  F l i g h t  C o n t r o l  System ( i . e . ,  i n c r e a s e d  g a i n ,  
d i f f e r e n t  g a i n  s w i t c h i n g  t i m e s ,  and d i f f e r e n t  f i l t e r  c h a r a c t e r i s t i c s ) .  
I f ,  i n  a d d i t i o n ,  t h e  t e n s i o n  c a p a b i l i t y  a t  c e r t a i n  c r i t i c a l  s t a t i o n s  
i s  s t r e n g t h e n e d ,  t h e n  t h e  b a s i c  problem i s  d i m i n i s h e d .  T h a t  i s ,  i n  
t h e  e v e n t  of a n  e n g i n e  f a i l u r e ,  v e h i c l e  breakup might  o c c u r  o n l y  d u r i n g  
a r e l a t i v e l y  b r i e f  p e r i o d  and unde r  c o n d i t i o n s  o f  much h i g h e r  wind 
v e l o c i t i e s . * *  

* P e r  t e l e c o n  of  March 23 ,  1967, w i t h  M r .  J .  G e l z e r  o f  TBC. 

**The v a l u e s  of  t h e  t i m e s  and wind v e l o c i t i e s  were n o t  a v a i l -  
a b l e  a t  t h e  t i m e  o f  t h e  t e l e c o n ,  b u t  w i l l  be  p u b l i s h e d  s h o r t l y .  
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It was i n d i c a t e d  t h a t  MSFC i s  working  w i t h  t h e  s t a g e  
c o n t r a c t o r s  to t e s t  t h e  s i x  c r i t i c a l  j o i n t s  and d e f i n e  t h e  d e t a i l s  of  
s t r e n g t h e n i n g  f o r  t h o s e  joints t h a t  canno t  meet t h e  new l o a d s .  
MFSC-ASTR has  a l s o  i n i t i a t e d  t h e  p r e v i o u s l y  d i s c u s s e d  changes  
i n  t h e  F l i g h t  C o n t r o l  System. These changes  were i n d i c a t e d  to b e  
e f f e c t i v e  for AS-502 and s u b s ,  w i t h  a p o s s i b i l i t y  f o r  even t h e  
AS-501 m i s s i o n .  

2031-TFL-sam 

A t  t ac hment s 
R e f e r e n c e s  
F i g u r e s  1-5 
Appendix A 

copy to 
Messrs. L .  E .  Day - NASA/MAT 

G .  F .  Esenwein,  Jr. - NASA/MAT 
J .  K .  Holcomb - NASA/MAO 
T .  A .  Keegan - NASA/MA-2 
G .  C .  White ,  Jr. - NASA/MAR 

C .  Bidgood 
D .  R .  Hagner 
J .  J .  H i b b e r t  
W .  C .  H i t t i n g e r  
B .  T .  Howard 
C .  M .  Klingman 
P .  R .  Knaff 
J .  Z .  Menard 
I .  D .  Nehama 
J .  J .  O'Connor 
T .  L .  Powers 
I .  M .  Ross 
W .  S t r a c k  
T .  H .  Thompson 
G .  B .  T r o u s s o f f  
R .  L .  Wagner 
C e n t r a l  F i l e s  
Department 1 0 2 3  
Department 2 0 3 1  
L i b r a r y  
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The f o l l o w i n g  are t h e  h i g h l i g h t s  o f  the  d e s c r i p t i o n  o f  t h e  
MSFC-152 s t u d y .  The 1 4  page handout i s  a l s o  a t t a c h e d .  

I .  SA-503 A n a l y s i s  by May 1, 1 9 6 7 ,  modify same f o r  
SA-504 A n a l y s i s  by J u n e  1, 1 9 6 7  

11. BHA-0030 D i g i t a l  S i m u l a t i o n  o b t a i n s  d e t a i l e d  
f l i g h t  dynamics and l o a d s .  BHA-0097 H y b r i d  
S i m u l a t i o n  used  t o  o b t a i n  p a r a m e t r i c  data ,  
arid r e l a t i v e  e r f e c t  of’ v e n i c i e  changes b e i n g  e v a l u a t e d .  

111. M a l f u n c t i o n s  s i m u l a t e d :  

A. 

B. 

C .  

D. 

E.  

F. 

Loss of  t h r u s t  ( s i n g l e  e n g i n e )  

S i n g l e  a c t u a t o r  h a r d o v e r  

S i n g l e  a c t u a t o r  a t  n u l l  

Loss  of gu idance  command 

Loss o f  i n e r t i a l  a t t i t u d e  

S a t u r a t e d  c o n t r o l  s i g n a l  

I V .  B a s e l i n e  f o r  s t u d y :  SA-503 v e h i c l e  (as d e f i n e d )  

V. V e h i c l e  changes c o n s i d e r e d  and  e v a l u a t e d  as f o l l o w s :  

A .  C o n t r o l  

1. I n c r e a s e  F l i g h t  C o n t r o l  System ( a t t i t u d e )  
g a i n  and m o d i f i c a t i o n  o f  ( a t t i t u d e )  
f i l t e r  c h a r a c t e r i s t i c s  

2.  A d d i t i o n  o f  a c c e l e r o m e t e r  ( f e e d b a c k )  
c o n t r o l  and l o a d  r e l i e f  

3. Removal of f i n s  
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4 .  Gimbal  c o n t r o l  r e s p o n s e  t o  b a l a n c e  
as Ymm e t r i c  t h r u s t  c o n d i t i o n  

5. Shutdown o f  o p p o s i t e  e n g i n e  

B .  Guidance 

1. d ind  b i a s i n g  o f  t r a j e c t o r y  f o r  l o a d  r e d u c t i o n  

2 .  Delay o f  " c h i - f r e e z e "  program ( a f t e r  h igh-Q)  
e n g i n e  o u t  

3. O p t i m i z a t i o n  o f  " c h i - f r e e z e "  program 
f o r  minimum v e h i c l e  l o a d i n g  

C .  EDS S e n s o r ( s )  

1. A d d i t i o n  of " a c t u a t o r  a t  s t o p s ' '  s i g n a l  
from gimbal p o s i t i o n  t o  d r i v e  engine-out  
l i g h t ( s )  i n  CM 

2 .  U t i l i z a t i o n  of  a c c e l e r o m e t e r  t o  i n d i c a t e  
e x c e s s i v e  l a t e r a l  f o r c e s  

3. Der ive  p l a t f o r m  m a l f u n c t i o n  i n d i c a t i o n s  
from t h e  "Guidance F a i l u r e "  l i g h t  i n  t h e  
CM 

4 .  Ob ta in  secondary  c u e s  f o r  manual a b o r t  
from t h e  r a t e  g y r o  and  & - b a l l  s i g n a l s  

5.  Use t h e  "engine-out"  s i g n a l  t o  i n i t i a t e  
c o n t r o l  r e s p o n s e s  d e s c r i b e d  i n  A-4  and  A-5 
above 

D .  Veh ic l e  S t r u c t u r a l  

1. S t r e n g t h e n  c r i t i c a l l y  l o a d e d  L/V j o i n t s  

2 .  Improve m a r g i n a l  S / C  s t r u c t u r a l  members  

E .  Abort System 

1. Improve Launch Escape System (LES) a b o r t  
c a p a b i l i t y ,  t o  e n a b l e  a b o r t  w i t h  a wider  
r a n g e  o f  a n g l e  o f  a t t a c k  l i m i t s  
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V I .  The e v a l u a t i o n  i n c l u d e s :  

A .  M a l f u n c t i o n  d e s c r i p t i o n ,  i n c l u d i n g  t h r u s t  
decay  ( f o r  eng ine -ou t )  a c t u a t o r  r a t e  ( f o r  
h a r d o v e r ) ,  "guidance  r e a s o n a b l e "  t e s t  ( f o r  
p l a t f o r m  f a i l u r e s ) .  

B.  T e s t  dynamics and EDS s e n s o r  per formance  
h i s t o r i e s  a f t e r  m a l f u n c t i o n  

C .  Bending moment, a x i a l  l o a d ,  t o t a l  l o a d ( s )  
and l o a d  i n d i c a t o r  c a l c u l a t i o n s  f o r  
c r i t i c a l  s t a t i o n s  o f  t h e  L/V and t h e  S/C. 

V I I .  The d e s i r e d  resu l t s  are:  

A .  S t r u c t u r a l  c a p a b i l i t y  a s ses smen t  f o r  
p o s s i b l e  breakup c o n d i t i o n s  and l o c a t i o n s  
o f  improved c a p a b i l i t y  t o  a s s u r e  safe  a b o r t  

B .  E v a l u a t i o n  of improvements  o f  C r e w  S a f e t y  
a v a i l a b l e  b y  combining o f  t h e  v a r i o u s  v e h i c l e  
changes  t o  b a s e l i n e  v e h i c l e .  C r i t e r i a  f o r  
t h i s  e v a l u a t i o n  a re :  

1. S t r u c t u r a l  i n t e g r i t y  

2 .  V e h i c l e  c o n t r o l l a b i l i t y  

3.  LEV i n i t i a l  c o n d i t i o n  a b o r t  l i m i t s  

E v a l u a t i o n  i s  t o  i n c l u d e :  

1. E f f e c t s  o f  wind magni tude  

2 .  E f f e c t s  o f  wind d i r e c t i o n  

3. E f f e c t s  of g u s t  p h a s i n g  

4 .  E f f e c t s  o f  v e h i c l e  t o l e r a n c e s  

5 .  E f f e c t s  o f  t i m e  o f  m a l f u n c t i o n  

V I I I .  F i n a l  Documentation w i l l  i n c l u d e :  

A .  D e f i n i t i o n  o f  p r e d i c t e d  v e h i c l e  l o a d  r e s p o n s e s  
f o r  s p e c i f i c  f l i g h t  c o n d i t i o n s  and  m a l f u n c t i o n s  

B .  F i n a l  s t r u c t u r a l  l o a d s  f o r  t h e  s p e c i f i c  f l i g h t  
c o n d i t i o n s ,  and compar isons  o f  t h e s e  l o a d s  to 
503 and 504 v e h i c l e  c a p a b i l i t y  

C .  Recommendations f o r  r e q u i r e d  S / C  and L/V capa-  
b i l i t i e s  t o  e n s u r e  safe  a b o r t .  
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